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CHAPTER 3 
 
3 METHODOLOGY 
 
3.0 Introduction 
This chapter presents the preparation method of copper ferrite photocatalys, and copper 
ferrite doped with lanthanum. Furthermore, the analyses of the photocatalysts using 
various analytical equipment, i.e. helium displacement for gas pycnometer, nitrogen 
physisorption for Brunauer-Emmett-Teller (BET) analysis, X-Ray Diffraction (XRD) and 
Field Emission Scanning Electron Microscope (FESEM) are detailed in the subtopics of 
this chapter. The procedures of the photocatalytic reaction itself are explained in Sections 
3.4 and 3.5, followed by the analysis of the experimental results. The analysis of the 
results includes the analysis of the methylene blue as the preliminary experiment result 
and the glycerol concentration. 
3.1 Chemicals 
The glycerol, copper (II) nitrate, iron (III) nitrate, lanthanum nitrate hexanitrate and 
acetonitrile were all of analytical grade, and purchased from Sigma-Aldrich. Sodium 
hydroxide and hydrogen peroxide were of 10% and 30% purity, respectively, also 
purchased from Sigma-Aldrich. The gases, i.e. nitrogen/helium mixture, helium and 
nitrogen of highest purity were sourced from Air Products. The distilled water and ultra-
purified water used throughout the experiment was obtained from water purification unit 
in the lab. The mentioned chemicals and their application are listed in Table 3-1. 
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Table 3-1: List of chemicals needed 
Chemical Purity Application 
Copper (II) nitrate, 
Cu(NO3)2 
99% Catalyst synthesis 
Iron (III) nitrate, Fe(NO3)3 99% Catalyst synthesis 
Sodium hydroxide, NaOH 10% Catalyst synthesis 
Glycerol solution 99% Photocatalytic reactant 
Lanthanum nitrate 
hexanitrate, 
La(NO3)3∙6H2O 
99% Catalyst dopant 
Acetonitrile, CH3CN 
(HPLC grade) 
99% HPLC analysis 
N2/He mixture N2=30.03%, He=balance BET analysis 
He > 99.996% BET analysis, density 
analysis. 
N2 > 99.99% BET analysis 
 
3.2 Photocatalyst Preparation 
The CuFe2O4 photocatalyst in the current work was prepared using co-precipitation 
method. Copper nitrate, Cu(NO3)2 and Iron (III) nitrate, Fe(NO3)3 of a mass ratio 1:2 were 
weighed carefully using an analytical balance of 4 decimal-places sensitivity. The 
weighed materials were dissolved in 100 ml distilled water and magnetic-stirred at high 
speed. After the copper nitrate and iron nitrate had fully dissolved in the water, 10% 
sodium hydroxide solution, NaOH was added drop by drop into the solution to raise the 
pH to 10 while the stirring continued for 30 minutes. The suspension was then heated to 
95 oC to 100 oC for and maintained in the range for 2 h until a precipitate of copper ferrite 
nanoparticles, was obtained. It is important to measure the temperature of the mixture 
from time to time with a mercury thermometer to prevent overheating. The copper ferrite 
nanoparticles that formed were then washed repeatedly with distilled water (filter kit 
connected to a vacuum pump) until the water obtained from the filtration attained a pH 
7.0.  The filtered copper ferrite nanoparticles were transferred to a crucible to be oven-
heated at 100 oC for 3 h followed by calcination at 900 oC for 3 h at 10 oC min-1 increment. 
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Subsequently, the calcined catalyst was cooled to room temperature, then mortared to 
powder form and finally stored. 
For catalyst doped with lanthanum (La), the salt precursor lanthanum nitrate 
hexanitrate, La(NO3)3∙6H2O was added to the Cu(NO3)2/ Fe(NO3)3 aqueous solution. 
Then the aforementioned steps were repeated.  
 
3.3 Characterization 
Catalyst characterization was carried out to determine the physicochemical 
properties of the catalyst synthesized. Form the results of characterization, information 
regarding various aspects of the physicochemical properties was obtained. Consequently, 
the physicochemical attributes in relation to the photocatalytic performance were 
analysed and understood. The catalyst produced is characterized by the methods listed in 
Table 3-2. 
 
Table 3-2 Equipment for catalyst characterization techniques 
Techniques Equipment 
He displacement Pycnometer type 1305 Micromeritics 
N2 physisorption Thermal Scientific Surfer 
FESEM JEOL JSM-7800F 
XRD Rigaku Miniflex II 
 
The following subchapters describe the fundamental theory and concepts of the 
characterization techniques used in this research. 
 
3.3.1 Helium Displacement 
Gas pycnometer is an equipment to measure the density of solid particles through 
helium gas displacement technique. Density is defined as the ratio of mass to volume of 
a particle. Prior to the analysis by gas pycnometer, a sample needs to be weighed 
accurately to obtain the mass. The equipment basically measures the volume of the 
sample, and requires input of the sample mass to generate the result of the sample density.  
Helium displacement technique is particularly utilized to obtain the volume of particles 
with undefined geometry. The body of the particles displaces the fluid, i.e. helium gas, 
